Synthesis, characterization and biological activities of some of the unsymmetrical borole complexes containing B-S and B<-N bonds are described. The sulfur containing conjugated bases were prepared by the condensation of caibonyl compounds with thiosemicarbazide. The resulting complexes have been characterized by elemental analysis, molecular weight determinations and spectral studies including IR, Ή NMR, "Β NMR and ,3 C NMR. The spectroscopic results showed that the conjugated bases behave in a bidentate fashion, whereas, the complexes display a tetracoordinated environment around the boron atom as steriochemically active lone pair is also included in the coordinated sphere. The conjugated bases and their respective boron complexes have been screened for their antifungal and antibacterial properties.
INTRODUCTION
Recently, few references on bidentate ligands coordinated to boron through the azomethine nitrogen and the thiolo sulfur have been published in the literature 1 · 2 . These compounds are interesting in many respects. Some have got a number of applications in industry, biology and agriculture. Industrial applications of coordination compounds of boron have remained fairly limited. Boron analogues of carboxylic acids and peptides have been shown to possess interesting biological activities in particular as serine protease inhibitors 3 . Use of boron-nitrogen compound in neutron capture therapy of brain tumors have also been investigated 4 . Several organoboranes find promising applications in the synthesis of insect pheromones 5 . Metalloboranes are widely used in industry and medicine as plastic stabilizers, polymerization accelerators, lubricants and bactericides. Some boron complexes containing nitrogen and sulfur have been shown to exhibit antifungal and antibacterial properties 6 . Several chelates of boron have been tested for potential pharmaceutical applications and some of them have been introduced in to practice 7 · 8 . Thiosemicarbazides and conjugated bases have attracted much attention due to their various biological activities 9 . It was found that some drugs have increased activity when administered as metal complexes 10 and a number of metal chelates were found to inhibit tumor growth". In the treatment of cancer the active species is a metal chelate of conjugated base 12 . Following the work of Mashima 13 , coordination chemists have taken greater interest in thiosemicarbazides and their azomethines as potential ligands. Boron complexes of these ligands have been found to possess conspicuous biocidal activity 14 . It is however interesting that the biological activity gets enhanced on undergoing complexation with the metal ions 15 " 16 . In view of the above and the success achieved earlier in the synthesis and characterization of Schiff base complexes of boron, it was considered of interest to synthesize a wide variety of Schiff base derivatives of boron by the reactions of unsymmetrical borole and the Schiff bases having nitrogen and sulfur as coordination sites. The conjugated bases used during these investigations are:
RESULTS AND DISCUSSION
The 1:1 molar reactions of unsymmetrical borole, 2-isopropoxy-4-methyl-l ,3,2-dioxaborolane B(C 3 H 6 0 2 ) (OPi*) and 2 -isopropoxy-4-methyl-1,3,2 -dioxaborinane B(C 4 H,0.,) (OPf) with 2-[l- (2- 
Where, L n H represents the conjugated base molecule and η = 1, 2 or 3.
The resulting coloured solids are soluble in MeOH, DMF and DMSO. The method used for the preparation and isolation of the resulting complexes give materials of good purity as supported by their analysis. These are monomelic, non-electrolytes, stable and resistant to hydrolysis.
IR Spectra
The comparison of the infrared spectra of the conjugated bases and their complexes suggests that conjugated bases are bidentate with the thiolo-sulfur and azomethine nitrogen as the coordinated sites. Strong bands in the region 3300-3100 cm" 1 in the conjugated bases disappear in the corresponding borole complexes, indicating the deprotonation of the -NH functional group. The conjugated bases exhibit a sharp band at 1610-1590 cm' 1 due to stretching mode of azomethine group. The band shifts to the higher frequency region (ca. 15 cm 1 ) on complexation which is due to an increase in the bond order 17 as a result of (B<-N) bond formation. An indicative evidence for the support of the structure has been noted by the new strong and sharp peaks appearing at 1360, 875 and 1550 cm 1 assigned to ν (B-O) 18 v(B-S) 19 and v(B<-N) J0 modes, respectively. Table I. is® Φ Φ The Ή NMR spectra of each synthesized conjugated bases exhibit a singlet in the region δ (10.64-10.68) due to -NH proton which disappears in the spectra of complexes suggesting the coordination of nitrogen as well as sulfur to the boron atom. However, in the 1:1 complexes of unsymmetrical borole the signal due to -NH 2 protons observed nearly in the same region δ (2.72-2.90) ppm showing that the deprotonation does not take place and the bonding may take place only through the nitrogen and sulfur atom of the conjugated bases. In the spectra of the complexes the deshielding in the position of CHj-C=N protons further substantiates the coordination of azomethine nitrogen to the boron atom. The downfield shift indicates the delocalisation of the electronic charge within the chelate ring and thereby the stabilization.
Ή NMR Spectra

"C NMR Spectra
The (Table II) . 
Thus on the basis of above discussions it is clear that the conjugated bases by coordinating to boron atoms through the thiolo group and azomethine nitrogen behave as monobasic bidentate agents.
BIOCIDAL ACTIVITY
The data of fungicidal and bactericidal activities of conjugated bases and their respective unsymmetrical borole complexes against pathogenic fungi and bacteria were recorded in Tables III and IV. The studies show that the concentrations reached level that are sufficient to inhibit and kill the pathogens. Further, the results achieved from biological activity have also been compared with the conventional fungicide, Bavistin and conventional bactericide Streptomycin. The superiority of the unsymmetrical borole complexes as compared to the conjugated bases can well be understood by considering the chelation theory". In fungicidal activity although the bioactivity increased on undergoing complexation, it has also been observed that sulfur containing compounds are more toxic 23 than oxygen containging compounds. If fungitoxicity is dependent on one or more chemical reactions as it must undoubtedly be in most of the cases than any property of the fungitoxic molecule which would increase the rate of chemical reactions must perforce enhance fungitoxicity 24 .
EXPERIMENTAL
Adequate care was taken to keep the unsymmetrical borole complexes. Chemicals and solvents used were dried and purified by standared methods and moisture was excluded from the glass appratus using fused calcium chloride drying tubes. The conjugated bases and unsymmetrical borole were prepared by the literature methods and all the manipulations were carried out under anhydrous conditions.
Preparation of Conjugated Bases
The conjugated bases were prepared by the condensation of ketones with hydrazine carbothioamide in equimolar ratio in absolute alcohol. The contents were refluxed for 45 minutes, recrystallized from the same solvent and dried under reduced pressure. The physical properties of these moieties are as follows : 
Synthesis of Unsymmetrical Borole Complexes
The unsymmetrical monoisopropoxy borane was taken in benzene and an equimolar quantity of the conjugated bases (L,H, L 2 H and L 3 H) was added to it. The reaction mixture was refluxed for a suitable period and the liberated isopropanol was fractionated azeotropically with benzene. After the reaction was complete the excess of the solvent was removed under vacuum and the product dried at 40°C/0.1 mm for four hours. These were recrystallized from a 1:1 solution of benzene and alcohol. All the compounds were isolated as powdered solids. The details of these reactions and the analyses of the resulting products are recorded in Table V . 
Analytical Methods and Physical Measurements
Carbon and hydrogen analyses were performed at the microanalytical Laboratory of the Department. Nitrogen and sulfur were estimated by Kjeldahl's and Messenger's methods, respectively. The molecular weights were determined by the Rast camphor method. IR spectra were recorded on a Perkin Elmer 577 Grating Spectrophotometer in the range 4000-200 cm 1 as Nujol mulls using KBr optics. Ή NMR spectra were recorded in DMSO-d 6 . "C NMR spectra were recorded in distil DMSO, using TMS as the standard. "B spectra were scanned on a Bruker WH90 Spectrometer operating at 64.21 MHz at 31°C using BF 3 .EtjO as an external standard.
IN VITRO STUDY : Fungicidal Screening (Poisoned Food Technique)
Potato-dextrose agar medium was prepared in flask and sterilized. Accurate amount of all the compounds were added after being dissolved in methanol so as to get certain final concentrations of 25, 50, 100 and 200 ppm. Aliquots of 15 ml medium was poured in 90 sterilized Petri plates. A culture of test fungus is grown on PDA for certain period (generally seven days) at the optimum temperature for growth. Small disc (0.7 cm) of the fungus culture is cut with sterile cork borer and transfered as aseptically in the centre of a Petri dish containing the medium with a certain amount of fungicide. Control set without compounds was also maintained and a standard fungicide (Bavistin) was taken. Plates were incubated for 4 days at 25±2°C and colony diameter was measured after the incubation period of growth. The percentage inhibition of growth was calculated by percentage growth inhibition = (C-T) C 1 χ 100, where, C = growth in control, Τ = growth in treatment.
2.
Bactericidal screening (Inhibition Zone Technique) Flat bottomed 90 mm Petri discs were used and nearly 15 ml of the beef extract medium (Peptone -5 g., beef extract 5 g., NaCl 8 g., agar-agar 20 g and 1000 ml distilled water) was pipetted into the Petri disc. Bacterial suspension was added in the medium and after some time bacterial growth was seen in the medium. The tested compounds were dissolved in the methanol of 500 and 1000 ppm concentrations. Paper discs of
